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Abstract 
The application of cold-formed steel on roof structures in Indonesia has become very popular in construction practices, 
especially for single- or multi-family dwellings. Compared to timber roof structures, cold-formed steel roof structures 
may require less or even no maintenance programs as they are absolutely durable against termite and wood-decay 
fungus attacks. However, lesson learned from recent building failures due to earthquakes indicated that cold-formed 
steel structures are susceptible to buckling failure. This study attempts to improve buckling performance of cold-
formed steel members by combining them with timber laminas to obtain cold formed steel – timber composite. This 
composite member is obtained by attaching 15-mm thick timber laminas (Swietenia mahagoni) to the web part of 
cold-formed steel Z-, C-, and double C-sections using screws at regular spacing of 100 mm. Compression tests were 
conducted for five different effective lengths, and the increase in compressive load capacities of the composite 
members was validated by the results of compression test of cold formed steel (without timber laminas). The test 
results showed that the failure of composite members was progressive and it was initiated by flange local buckling 
followed by flexural buckling at the final stage. This failure mode is different from the observed common failure mode 
of the cold formed steel member which is instantaneous and is a combination of local buckling and flexural-torsional 
buckling. The increase in compressive load capacity was significant for short members but then decreases as the 
member length increases. A proposal to predict the compressive load capacity of cold formed steel – timber composite 
is presented for practical application. 
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1. Potential Benefits of Implementing PBC for Roads 
In Indonesia, the introduction of cold-formed steel practice was started in 2000, where timber members were 
relatively expensive and difficult to obtain. Cold-formed steel is nowadays becoming the first choice in roof structures/ 
truss system of residential constructions, industrial and commercial buildings. This dramatic increase of market 
preference on cold-formed steel to the authors’ knowledge is caused by these following advantages (in comparison 
with hot-rolled steel or timber members): light weight; quick and simple erection or installation; ease to connect 
members; and durable against termite attacks. In addition, cold formed steel is available in various shapes and it is 
generally warranted for corrosion problem by suppliers though it is not throughout its service life. 
One important characteristic of this material is high width-to-thickness ratio of its individual plate elements that 
build up its member shape [1-2]. Therefore, under axial compressive loads, cold formed steel members are subjected 
to local buckling, flexural buckling, flexural-torsional buckling, or their combinations. One solution offered by this 
paper to overcome buckling problems is to combine it with timber laminas to obtain cold formed steel – timber 
composite. Previous studies reported significant improvement of cold formed steel members under bending loads after 
they are formed into composite members with timber laminas [3-4]. In this presented study, the composite member is 
derived by attaching several timber laminas to the web of cold formed steel using screws. The aims of this study are 
to examine the compressive strength increase of cold-formed steel members when they are combined with timber 
laminas using screws, to identify buckling failure mode of cold-formed steel members and its composite members, 
and to present formulation of buckling load prediction of cold-formed steel – timber composite members for practical 
application. 
2. Literature Review 
Compression members may fail below its yield capacity known as buckling. In general, buckling problems can be 
divided into two types: local buckling and global buckling [5]. Local buckling is the deflection of individual plate 
elements relative to the corners or stiffened elements, while global buckling is the deflection of whole section relative 
to the ends of the member [2]. Examples of global buckling of compression members are flexural buckling and 
flexural-torsional buckling. In practice, cold-formed steel members may experience a combination of local and global 
buckling aforementioned. 
Compressive strength of a member subjected to an axial load has been presented by well-known Euler formulation 
(Eq. 1) where E is modulus of Elasticity, k is effective length factor to account end-support type, l and r is length and 
radius of gyration of the member, respectively [5]. Denominator of Eq. 1 is further simplified as slenderness ratio, O. 
A good agreement between Euler’s prediction and experimental results was generally found for members with high 
slenderness ratios, but poor agreement for members with low slenderness ratio. For very short compression members 
where failure is governed by yielding, their axial capacity equals to Eq. 2. 
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In the above equation, Fy is the yield strength and A is the cross-sectional area of the compression member. A 
composite member having two different types of material as illustrated in Fig. 1 can be transformed into one type 
material for the evaluation of cross-sectional area and second moment of area where n is modular ratio between timber 
(Et) and cold formed steel (Es) [6]. Therefore, Eq. 1 and 2 can be modified to consider a composite member, assuming 
that the composite action is perfectly accommodated through shear connectors, as follows: 
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Fig. 1. Transformation method of cross-section with two different materials: (a) original cross-section; and (b) transformed cross-section. 
3. Materials and Methods 
The production of cold-formed steel – timber composite with screw connectors is illustrated in Fig. 2 and was 
thoroughly described in the authors’ previous report [7]. This study used cold-formed steel Z-section, C-section, and 
double C-section and timber laminas of 14 mm thick of Swietenia mahagoni (moisture content 12%, oven-dry specific 
gravity 0.69). The cold-formed steel members were combined with timber laminas using screw of 4 mm root-diameter 
and 70 mm length as shown in Fig. 2. Owing to know the shear strength of timber lamina from previous report [8], 
the screw spacing was designed to accommodate this maximum shear stress. Table 1 indicates that the number of 
specimens along with its corresponding name/ code where each variation consisted of three replicates. The length of 
specimens are varied so that the test results could inform the decrease of the compressive load capacity with respect 
to increase of slenderness ratio. Stress-strain relationship of the cold-formed steel was evaluated based on tensile the 
coupon test, and the compression strength evaluation of the timber was carried out according to BS 373[9]. 
 
Fig. 2. Production of cold formed steel (Z-section) – timber composite with screw 4 mm diameter. 
Figure 3 shows the compression test set-up used in this study where the applied load was measured by a load cell 
and the test was conducted continuously until the specimens failed. In the trial tests, it was observed that the 
compression specimens of cold-formed steel experienced concentrated failure at one or both ends. This situation is 
similar to “end effect” due to load application in compression tests. To prevent this concentrated failure, the individual 
plate elements (that build up its member shape) at both ends were made thicker by attaching one additional plate 
element using screws. In the case of composite specimens, concentrated failure at specimen end(s) was not observed. 
However, special shoe-like plates were placed at both specimen ends to prevent sudden (large) displacement of the 
specimen at failure and for safety of test observation. The effective buckling length of both cold-formed steel and the 
composite specimens is measured according to Fig. 3. 
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853 Ali Awaludin et al. /  Procedia Engineering  125 ( 2015 )  850 – 856 
Table 1. Specimens for compression test. 
Section Name/ code Length, l (mm) Effective length, le (mm) 
 
74Z08 
Z300 300 210 
Z400 400 298 
Z700 700 610 
Z1000 1000 905 
Z1300 1300 1200 
 
74Z08 + Swietenia mahagoni 
ZC300 300 200 
ZC400 400 300 
ZC700 700 600 
ZC1000 1000 900 
ZC1300 1300 1200 
 
C.75.75 (single) 
C300 300 300 
C600 600 600 
C850 850 850 
C1100 1100 1100 
C1300 1300 1300 
 
C.75.75 (single) + Swietenia mahagoni 
CC300 300 300 
CC600 600 600 
CC850 850 850 
CC1100 1100 1100 
CC1300 1300 1300 
 
C.75.75 (double) + Swietenia mahagoni 
DC300 300 300 
DC600 600 600 
DC850 850 850 
DC1100 1100 1100 
DC1300 1300 1300 
 
Evaluation of Euler’s buckling load expressed in Eq. 1 of the composite members was also carried out where (EI)c 
or member bending stiffness in weak-axis is obtained from bending test shown in Fig. 4. This bending stiffness is 
given by Eq. 5 in which L is distance between two supports, (P1,G1) and (P2,G2) are the applied load and its 
corresponding mid-span displacement at load equals to 10% and 40% of the maximum load, respectively [10]. 
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Fig. 3. Compression test set-up and effective length measurement of the specimen. 
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Fig. 4. Bending stiffness evaluation of a composite member. 
 
4. Results and Discussion 
The tensile yield stress of cold-formed steel Z-section and C-section obtained from the coupon tests were 592 MPa 
and 440 MPa, respectively. The average compressive strength of timber elements was 43.53 MPa (max 60.59 MPa, 
min 32.67 MPa) used in cold-formed steel Z-section composite and was 33.76 MPa (max 39.05 MPa, min 29.88 MPa) 
used in both cold-formed steel C-section and double C-section composites. Modulus of elasticity of the cold-formed 
steel was assumed to be equal to 200 GPa. Figure 5(a), (b), and (c) show buckling load capacity of the cold-formed 
steel Z-section, C-section, and double C-sections and their composite members obtained from the experiment along 
with its Euler’s prediction. It is obvious that the composite members had much higher buckling load capacity compared 
to the non-composite members especially when member length is short. The increase in buckling load, however, is 
relatively small when member length increases. Table 2 summarizes this increase suggests that increase of buckling 
capacity as a result of composite system is greater in the cold-formed steel Z-section members than that in both cold-
formed steel C- and double C-section members. 
Applied load 
le 
l 
LVDT 
LVDT 
P 
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Table 2. Buckling load capacity of the cold formed steel members and their composite members. 
Cold formed steel section Effective length, le (mm) 
Buckling capacity, Pmax (kN) 
Ratio 
Cold formed steel member Composite member 
Z – section 
200 29.47 196.18 6.7 
300 27.70 171.02 6.2 
600 23.59 111.14 4.7 
900 21.28 74.66 3.5 
1200 20.77 61.58 3.0 
Single C – section 
200 24.58 80.85 3.3 
500 20.08 38.67 1.9 
750 15.67 27.00 1.7 
1000 13.79 22.00 1.6 
1200 10.92 15.54 1.4 
Double C – section 
200 49.17* 171.88 3.5 
500 40.17* 131.80 3.3 
750 31.33* 101.68 3.2 
1000 27.58* 72.80 2.6 
1200 21.83* 48.40 2.2 
* Prediction based on experimental data of single C – section. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Buckling capacity of cold formed steel members and their composite members: (a) Z-section; (b) C-section; and (c) double C-section. 
 
As an attempt to provide buckling load prediction of the composite members for practical use, the following 
equation is adopted where P is predicted buckling load, Po is axial capacity corresponds to steel yielding and timber 
crushing given by Eq. 4, O is slenderness ratio, and K is a coefficient derived from a statistical analysis. 
oPKP u O  (6) 
(a) (b) 
(c) 
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The average value of K from 45 composite specimens is 0.98 with a standard of variation equals to 0.00597. 
Applying a 5% exclusion limit requirement gives a value of K equals 0.97 as indicated by the bold line in Fig. 6. 
A comparison of bucking failure mode between the cold-formed steel and its composite members can be seen in 
Fig. 7 where a combination of local buckling and flexural-torsional buckling was generally observed in the cold-
formed steel compression members. Buckling failure of these cold-formed steel members occurred in a very brittle 
manner. In the case of composite members, flexural-torsional buckling failure was not observed. They failed due to 
flange local buckling followed by flexural buckling in a relatively ductile manner. 
 
 
Fig. 6. Buckling load prediction of the cold formed steel – timber composite 
member. 
Fig. 7. Buckling failure mode: (a) cold formed steel 
member and (b) composite member 
5. Conclusions 
This study presents an effort to increase buckling performance of cold-formed steel Z-section, C-section and 
double C-section by attaching timber laminas to their web part using screws. The compression test was conducted for 
five different lengths. The test results showed that the increase in compressive load was significant, about 1.4 to 6.7 
times of the non-composite members. The lowest increase in compressive load corresponded to the compression 
member with the highest member length. Buckling load of the composite member could be well predicted as 0.97OPo, 
where O is slenderness ratio and Po is the axial capacity due to cold formed steel yielding and timber crushing. 
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